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Abstract 
In the era of Fintech innovation and e-commerce, faster settlement of massive retail 
transactions is crucial for business growth and financial system stability. However, 
speeding up payments settlement can create periodic liquidity shortfalls to banks 
which would incur high cost of funds in the settlement process. We propose a new 
hybrid settlement mechanism design that integrates features of real-time gross 
settlement, deferred net settlement, and central queue management structure. The 
hybrid mechanism is managed by an intermediary and is particularly suitable to 
settle large volume of small-value retail payments. We evaluate the mechanism 
using computer experiments and simulation. We find that central-queue netting is 
an effective means to achieve high system performance. Our results also show that 
the intermediary plays an important role in coordinating multilateral central-queue 
netting and supplying liquidity as needed to banks. We offer some policy insights 
into future faster payments settlement mechanism design and implementation. 
Keywords: Liquidity, mechanism design, payment system, queue management, simulation 
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Introduction 
The emerging trend in the retail payments market over the past decade has been towards processing 
an increasingly high volume of relatively low-value payments, in forms such as checks, Giro credit 
transfers, automated clearing house transactions and electronic funds transfers at the point of sale. 
The rising demand in e-commerce and electronic payments requires the financial services industry to 
develop innovative and sustainable retail payments solutions supported by new technologies (CPSS 
2012a). The whole financial services industry is now looking for new ways to speed up and streamline 
payments processing. At present, many countries have been working on modernizing the payment 
infrastructure and developing real-time payment capabilities. For example, VocaLink, the UK’s 
leading payments infrastructure company, has delivered the largest real-time payment system in the 
world – the Faster Payments Service. This has been supporting UK businesses and consumers with 
real-time bank account to account transfers on digital platform, who benefit from faster cash flow, 
immediate funds access, and better customer experiences. For traditional payment system and 
network operators as well as individual retail banks, failure to provide much-needed faster payments 
services could make them vulnerable in industry competition. 
The movement to faster (or even real-time) payments poses serious technical and regulatory 
challenges in the global transformation of banking infrastructure. Retail banks would bear deferment 
risks related to unsettled payments if they still adopt the traditional batched processing of settlement. 
Even though a few faster payment schemes have been enabled by the introduction of ISO 20022 and 
XML schema, it is yet a reality in most countries. In the battle for digital dominance (especially in new 
areas such as mobile business), current solutions still depend on the banks’ traditional infrastructure 
to move the money and finish retail transactions. Most existing payment methods are costly, 
inefficient and lack of transparency desired by both consumers and regulators. How should innovative 
faster payments services be designed? How to upgrade and leverage the existing payments 
infrastructure to speed up payments processing? Most important of all, how to effectively handle 
massive small-value retail payments settlement without incurring significant settlement costs or 
risks? All these pose key settlement mechanism design challenges and open up tremendous 
opportunities in the next wave of Fintech innovations in the payments industry. 
In handling payments, clearing refers to the promise or commitment to settle a transaction, and 
settlement refers to the transfer of funds between the payer’s bank and the payee’s bank. These 
functions are normally carried out by a credible settlement intermediary (i.e. a central bank or a 
clearing house). Interbank funds transfer systems can be classified in several ways. In common, there 
are two types of settlement mechanisms: deferred net settlement (DNS) that has been used with 
small-value payments and real-time gross settlement (RTGS) that focuses on large-value payments 
(CPSS 2012b). The typical range of US dollar values for payments settled via DNS is on the order of 
$2,000 to $5,000, while for RTGS, it is about $2 million to $5 million. Historically, DNS mechanisms 
have been used to handle the relatively small-value retail payments in many clearinghouses, where 
settlement of funds transfers (these are mainly retail transactions) occur periodically on either a 
bilateral or multilateral net basis. Net settlement (netting) is an efficient approach to reduce the 
liquidity demands of a payments network. Under DNS, however, delays in settlements are undesirable 
and create financial vulnerabilities due to accumulated unsettled funds. To mitigate the risks involved 
in large-value time-critical transactions between commercial banks, central banks have implemented 
the RTGS mechanism, where settlement of funds may occur near continuously on a transaction-by-
transaction basis.  
More recently, leading clearing houses in a few developed countries have implemented new platforms 
to support faster retail payments. Bankgirot, the Sweden clearing house for retail payments, launched 
a new payment system called “Payments in Real Time” in 2012 to support mobile payments. While 
interbank transfers normally take one or several days, the new system enables instant funds transfers 
between multiple bank accounts. Although RTGS has been recognized as attractive, faster settlement 
of funds is uneasy. Infrastructure costs, operational risks, liquidity management concerns, banks’ 
incentives, social and business benefits all require careful consideration. So far various designs exist in 
retail payments industry (McIntosh et al. 2014), based on which we believe a hybrid mechanism that 
combines RTGS and DNS would be the most promising choice.  
In this research paper, we propose a new faster payments settlement design by integrating the unique 
features of various traditional payment systems solutions. We develop an innovative hybrid payments 
settlement mechanism which enables interbank funds transfer via (near) real-time settlement, 
liquidity-saving queue management (via settlement prioritization), and central netting functions 
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under a unified framework, which is centrally operated by an intermediary who is responsible for 
payments network management. We show the performance improvement of such a mechanism over 
traditional DNS that is most commonly used in the retail industry. We also evaluate the positive 
impacts of central queue management (to enable periodic netting) on settlement cost minimization. 
This is conducted via simulation and computer experimentation.  
Literature Review  
Generally, payment systems can be classified as large-value payment systems (LVPS), such as Fedwire 
Funds and CHIPS in the US, and retail payment systems, such as Automated Clearing House FedACH 
and EPN. LVPS have been thoroughly studied in the literature, and widely adopted by monetary 
authorities such as the European Central Bank, Bank of Japan, and Bank of England (Norman 2010). 
Economic models and theoretical frameworks are often envisaged for evaluation of financial policies 
imposed on LVPS. For an overview of LVPS in several countries/regions, we can refer to Nakajima 
(2012) and Tompkins and Olivares (2016). 
Most LVPS has RTGS features, which promote faster settlement but increase banks’ liquidity risks. 
Substantial risks can spread within and across networks (Ferrara et al. 2016). To reduce the risk level, 
the central banks’ LVPS in some developed countries incorporates a liquidity-saving mechanism 
(LSM), a theoretical evaluation of which is done in Willison (2004) and Martin and McAndrews 
(2008) based on economic models and Nash equilibrium. LSM enables banks to defer settlement until 
an appropriate time in the future, which would relieve their funds pressure. In this case, banks can 
choose between RTGS and deferred settlement via LSM, which is what we also consider in our paper. 
However, there are no specific LSM described in the above theoretical studies. This is our focus in this 
research. In particular, our new mechanism is suited for retail payment systems instead of LVPS 
studied in the literature. It also has enhanced functions on both internal queue and central queue 
clearing, which is used to speed up deferred settlement in our case. In addition, our proposed system 
is operated by an intermediary who can provide liquidity as needed to selected banks and help 
increase the network settlement performance. Thus, we treat RTGS as a function of the mechanism 
instead of an alternative mechanism, to timely handle high-priority payments without incurring 
settlement deferment.  
Successful implementation of a new payment system is often difficult in practice (Leonardi et al. 2016; 
Venkatesh et al. 2016). It depends on mechanism designers’ efforts to accommodate existing 
infrastructure/investments and financial regulations. Hence, when we design and introduce the new 
mechanism for multichannel retail payments, on the one hand, we make it as flexible as possible so 
that its base design can be easily adapted to meet unique requirements for different systems or 
networks. On the other hand, we add a number of optional new features such as a pricing model and a 
set of settlement prioritization rules to the mechanism we propose. Differential pricing enables banks 
to offer a range of financial services to their clients, which is justified in Clemons et al. (2002). We 
take account of this so as to derive a mechanism that aims to minimize the settlement costs incurred 
from interbank funds transfer. Meanwhile, banks could face settlement/default risks propagating 
across the network (Hu et al. 2012). A suitable settlement prioritization function would enable banks 
to choose between RTGS and deferred settlement, thus to influence settlement timing and better 
control risk themselves. This also makes queue management more flexible because banks do not have 
to follow the classical first in, first out rule. Banks can then settle time-critical transactions in real-
time and defer non-urgent transactions to a later time. These optional features make our novel 
mechanism design a unique and distinguishable solution for future faster retail payments. 
Classical empirical simulation tools, such as BoF-PSS2 (Koponen and Soramäki 1998, Leinonen and 
Soramäki 2003), has been used for a wide range of central bank research on LVPS. Hellqvist and 
Laine (2012) and Laine (2015) present a collection of such simulation-based studies from different 
areas of central bank research on RTGS and financial risk control. Johnson et al. (2004) and Afonso 
and Shin (2011) have done simulation experiments with real transaction data from Fedwire Funds. 
This has been a sophisticated and sensible method for empirical evaluation of mechanism designs 
(Guo et al. 2012), though we focus on retail payment system in this paper. To assess the benefits of our 
design, we also refer to the agent-based model in Galbiati and Soramäki (2008). Such kind of a model 
enables us to investigate the individual banks’ behaviors within an assumed network. 
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An Innovative Settlement Mechanism 
How the Mechanism Works  
Bank clients can be classified based on abundant transaction record and predictive analytics (Bapna et 
al., 2011, Martens et al., 2016). Likewise, it makes sense to distinguish the heterogeneous behaviors of 
banks that act on behalf of their clients. We assume a domestic retail payments network that includes 
a number of settlement banks. The banks conduct interbank funds transfer with each other in real 
time. We then assume a private sector system operated by an intermediary (i.e. clearing house). Each 
bank maintains a settlement account in the system for processing payments.  
Figure 1 illustrates the process flow when a payment request from a bank’s client arrives at the bank 
and when a real-time settlement from another bank arrives. As shown in the Figure, generally our 
mechanism involves three phases. To handle masses of funds transfer requests (payments), a bank 
honors RTGS when it has sufficient funds. The beneficiary bank immediately receives the funds from 
all the real-time settlements. When RTGS is impossible (due to lack of funds), the funds transfer 
requests would be queued in the bank’s book (the bank’s internal queue). At an undesignated future 
time, once the bank has recovered funds (e.g., receiving real-time payments from other banks), 
deferred settlement of those queued requests can occur (internal-queue clearing). Traditional RTGS 
and DNS do not have this queue management function we introduce. At some predefined and 
designated time, all banks submit their internal queues to the intermediary for a multi-lateral central-
queue netting, which is a DNS optimization function for bank reconciliation.  
A payment request from a 
bank’s client arrives
Funds available?
No
Real-time settlement 
without deferment
Enters settlement bank’s 
internal queue
Yes
Yes
Yes
Central-queue netting
No
No
Internal-queue clearing 
for deferred settlement
No action needed
A real-time settlement 
from another bank arrives
Funds available?
Time for netting?
Phase 1
Phase 2
Phase 3
 
Figure 1.  The Three-Phase Settlement Framework 
 
Key Design Elements 
In terms of the time horizon, the payment system is defined as the number of settlement sessions. The 
length of a settlement session can be defined in terms of how often the central-queue netting is 
scheduled. For example, if we define each session as one minute, then we can use 60 sessions to model 
one-hour operation. If we define each session as one hour, then we can use 24 sessions to model a 
settlement network’s continuous daily operation. 
In terms of the network structure, a payments network consists of a number of banks trading with 
each other. We use two parameters to model the network:  
 Number of participating banks. Banks are divided into two categories: active and 
inactive, where active banks have more payment requests to process than inactive banks.   
 Bank-level payment density. This refers to the probability that a bank submits one or 
more requests within a settlement session, which is larger for each active bank. 
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Actual retail payments settlements in most countries only occur several times a day, based on DNS. 
When we introduce the hybrid settlement mechanism, it is believed that there would be an increase in 
the liquidity demands and the cost of funds to cover faster settlements (and possible overdrafts). In 
our mechanism, two sources of funds would affect the overall system liquidity. 
 Initial balance requirements for individual bank accounts. Before the start of the 
first settlement session, individual banks are required to maintain a certain level of initial 
funds to their settlement accounts. In the case that the bank’s account balance turns negative, 
the bank would start to incur overdraft penalties. 
 Reserve funds from the intermediary. We advise the intermediary to hold some reserve 
funds in the payment system. When banks experience illiquidity on occasion, our mechanism 
would allow them to borrow funds from the intermediary at a cost.  
The hybrid settlement mechanism we propose combines RTGS/DNS features as well as new functions 
such as settlement prioritization and queue management, which makes it different from other 
mechanisms discussed in the LVPS literature.  
 Internal queue management. Depending on the urgency and liquidity requirement, 
individual banks decide real-time settlements and clear their own internal queues when funds 
are available.  
 Central queue management. At the end of each session, the intermediary will merge all 
internal queues temporarily. The central-queue netting enables multilateral offsetting to clear 
some deferred payments from the banks’ internal queues. The settlement decision is made by 
the central-queue intermediary, who should act on behalf of all individual banks.  
We focus on evaluating three options of the central queue management structure embedded in the 
mechanism design, in order to quantify the benefits brought by the intermediary’s participation. 
Because bank-level transaction data are highly sensitive and often include too much background 
noise, real-world data are not suitable for our computer experiment. We thus construct and use 
different simulated datasets (30 in each case) to evaluate the three design alternatives (M1, M2, M3). 
Table 1 shows the various parameter choices we assume. 
Treatments/Parameters Values 
Central queue management M 
M1: Central queue with liquidity provision 
M2: Central queue without liquidity provision 
M3: No central queue 
Number of settlement sessions T 60 
Number of banks I {3 active banks, 3 inactive banks} 
Initial bank account balance B {500K for active banks, 50K for inactive banks}  
Initial central-queue balance C 50K 
Payment density p {50% for active banks, 25% for inactive banks} 
Cost coefficient α {0, 0.05, 0.3, 0.95, 1} 
Coefficient associated ratio r {20%, 60%, 20%} 
Cost of funds per unit of overdraft β 1 
Cost of funds per unit of loan γ 1.05 
Table 1. Conditions and Treatments of the Computer Experiment 
We assume that there are six banks in a default payments network. To take the heterogeneous 
behaviors and characteristics of individual banks into account, we assume three of them are more 
active than the other three. To match their different settlement demands, those active banks should 
maintain higher initial account balance (500K for each) than inactive banks (50K for each). We 
assume the central queue reserve funds of 50K in total, which should be sufficient for supporting the 
circulation of funds in the network. We focus on a simulation span of 60 settlement sessions.  
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In each session, a number of random payment requests can be submitted by individual banks. We 
operationalize the banks’ settlement service demands in terms of the bank-level payment density, 
which refers to a fixed probability that a bank would submit one or more requests in one session (50% 
for all active banks and 25% for inactive ones). In the case that a bank has submitted, the number 
(value) of the corresponding requests are drawn from a Uniform (Pareto) distribution in random. 
Besides, each request is associated with a cost coefficient, the unit cost that would be incurred from 
deferring the settlement of this request to the next session (the total cost is the cost coefficient times 
the transaction value). This indicates the settlement urgency of each request. We assign small cost 
coefficients 0 (0.05) to those whose value is over 50K (between 10K and 50K), as we give priority to 
small-value retail transactions. Faster settlement of large-value payments would consume a high level 
of liquidity and thus are treated to be non-urgent in our case study. With probabilities 20%, 60%, and 
20%, we then randomly assign the cost coefficients of 0.3, 0.95 and 1 to all requests below or equal to 
10K. Higher cost coefficients for payments of lower value (≤10K) indicate our mechanism’s preference 
to settle as many small-value retail payments as possible. 
Under the general hybrid payments settlement mechanism we describe in Figure 1 (M1), banks can 
borrow reserve funds from the central queue during multilateral netting. An alternative design is that 
banks are not allowed to borrow (M2). Under the third mechanism without the DNS function (M3), 
the central queue would not even be allowed to exist such that the central netting function is disabled 
too. M3 acts as the benchmark in our mechanism design. 
In the event that an overdraft occurs, the per unit overdraft cost is 1, which must be no higher than the 
maximal cost coefficient. This implies that all payments with cost coefficient 1 can be settled in real 
time (upon arrival), regardless of the bank’ current account balance. In the case of M1, per unit 
(central-queue) loan cost is 1.05. This is higher than the overdraft cost such that the bank would settle 
their loans in time and thus central queue is able to preserve sufficient funds.  
Speeding up settlement without incurring high costs of funds is the key objective of our mechanism 
design. We define performance measures as follows:  
 Settlement ratio (SR). Calculated at the end of the final (i.e. 60th) session, this is the ratio 
of the settled payment requests to the total number of requests. 
 Normalized deferment index (NDI). Settlement deferment time is the difference 
between the time a payment request is submitted and the time it is settled (i.e. measured by 
the number of sessions in our simulation). Taken the whole network into account, NDI is a 
ratio between 0 and 100%. Its numerator is the total of the deferment time incurred (with the 
transaction value as the weight), under the settlement mechanism design M we evaluate. The 
denominator of NDI is the total of the deferment time incurred (with the transaction value as 
the weight) using the traditional end-of-all-sessions DNS as the reference. To reduce random 
variation, our calculation of NDI excludes transactions whose value are over 50K, the cost 
coefficients of which are zero.  
 Deferment cost index (DCI). Based on the formula for NDI, we introduce the cost 
coefficient of each payment request as the second weight in addition to the transaction value. 
While DCI is similar to NDI, it estimates the overall deferment costs incurred, which is an 
inherent component of the total settlement cost. 
 Average funds required. Based on the source of fund costs, we calculate the mean balance 
overdraft (MBO) and mean borrowed credits (MBC) per bank per session. 
For a pure DNS mechanism, both NDI and DCI should be 100%; both MBO and MBC are 0. In 
contrast, for a pure RTGS mechanism, both NDI and DCI should be 0, the same as the MBO and MBC. 
Banks are required to maintain extremely high balance across all sessions, since all transactions 
should be real-time (default is not allowed). Our hybrid mechanism achieves a balance between these 
two traditional mechanisms. Our experiments will show we can achieve a small NDI and DCI ratios at 
the expense of not too high MBO and MBC costs, realizing near real-time settlement for most 
transactions in our network while effectively controlling network liquidity risk. 
Results 
Our computer experiment is based on 30 datasets of simulated retail payment requests (i.e. transfer of 
funds of a certain value from one bank to another bank in a certain session). Among these datasets, 
the mean number of requests is 48,700 (Min: 41,649. Max: 55,200). We plot the settlement ratio for 
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all 30 simulated datasets under mechanisms (M1, M2, and M3 in Figure 2(a). To evaluate the 
treatment effect of B=500K/50K, we consider an extreme case when all the initial balance levels are 
zero (i.e. no initial funds are available). The settlement ratios in this case are shown in Figure 2(b). 
 
Figure 2. Overall Settlement Ratio when (a) B=500K/50K and (b) B=0  
Most unsettled requests are associated with large value or low settlement priority (small cost 
coefficient). The fact that M3 is the worst under both B=500K/50K and B=0 scenarios shows the 
importance of efficient central queue management. The settlement ratio is over 95% in all cases unless 
there is no central queue (M3) and banks have no initial funds for their settlement accounts (B=0). 
When banks are highly liquidity-constrained (B=0), however, introducing the central queue function 
(under M1 or M2) can improve the settlement ratio from around 70% to above 98%.  
When banks increase the initial balance to B=500K/50K, the number of real-time settlements and 
deferred settlements via internal-queue clearing increases. This reflects the benefits in injecting 
additional funds to individual banks’ settlement accounts. Under M1, 5.41% of the requests are settled 
via central-queue netting. However, if the banks’ initial balance are all zero, 42.88% of requests are 
settled via central queue. While those urgent requests are still settled in real-time, due to liquidity 
constraint, banks are more dependent on deferred settlement and central queue management. Via 
actively supplying liquidity, the intermediary plays an important role and contributes more to banks’ 
faster settlement of payments.  
In addition to the total number of settlements, we are also interested in the tradeoff between 
settlement time and costs. The mean values of NDI and DCI at both the network level and class levels 
are shown in Table 2. As the six banks can be divided into two classes based on their financial 
activities within the network, the deferment index measures at the class level help us understand the 
heterogeneous behaviors and differences between active banks and inactive ones. 
 Overall Network Class of Three Active Banks Class of Three Inactive Banks 
NDI DCI NDI DCI NDI DCI 
M1 1.08 0.39 0.75 0.29 6.60 2.10 
M2 1.31 0.48 0.87 0.35 8.65 2.83 
M3 4.21 1.45 3.79 1.30 11.03 4.02 
Table 2. Mean Normalized Deferment Index (%) and Mean Deferment Cost Index (%) 
under the Three Mechanisms 
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Recall that the NDI of a DNS mechanism is fixed at 100%, in which case no settlements can be made 
in the 60 sessions. In Table 2, the mean NDI based on different datasets is below 5% under each 
mechanism, which indicates a dramatic improvement over DNS. The mean NDI under M1 is the 
lowest at 1.08%. As such, the extent of deferment under M3 is about four times as serious as that 
under M1. In addition, under current conditions, the three inactive banks would suffer more 
deferments and should have increased their initial account balance in order to ease the situation. 
Effective central queue management is beneficial to banks in terms of queue clearing and relieving 
settlement deferments. In addition, if banks do not inject sufficient funds into their settlement 
accounts, the central-queue optimization/netting is even more critical for the settlement mechanism 
we propose (M1). Compared with the B=500K/50K scenario (the first column in Table 2), in the case 
of B=0, the mean NDI under M1, M2, M3 are found to be 3.62%, 4.88%, 52.91%, respectively.  
We might also consider a network with 12 participating banks, for instance. In this case, six are active 
and the other six are inactive. This network handles twice the volume of payment requests. As a result, 
the mean NDI under the three mechanisms are 1.58%, 3.57%, 5.94%, with around 50-100% increase 
in average settlement deferment time. Nevertheless, the hybrid settlement mechanism (M1) still 
functions well, in which case providing liquidity to banks during netting is found to be a more effective 
measure (comparing M1 to M2). While we focus on the 6-bank network, this sensitivity study has 
demonstrated the strength and robustness of our mechanism design and results. 
For the 6-bank network with initial bank account balance B=500K/50K, Figure 3 (Figure 4) illustrates 
the direct ratio and difference between NDIs (DCIs) in pairs. Because M1 achieves the highest average 
settlement performance, we contrast M1 to the alternative mechanisms (M2, M3) in order to quantify 
its benefit. As such, most of the calculated ratios should be lower than 100% whereas the differences 
should be negative. As we see, the occurrence and extent of settlement deferment is far more often 
without the central queue (M1/M3 and M1-M3). Dramatic improvements are observed when central-
queue netting has been done in each session (M1/M2 and M1-M2). It is worth noting that the 
difference between NDIs is significant as a result of paired statistical T-test (the P-value is smaller 
than 0.001 in both cases). The use of T-test is justified here because of the small number of tests (i.e. 
30) and mechanism comparisons based on identical datasets. With respect to DCI, effective central 
queue optimization/netting reduces the deferment costs banks bear such that network operating is 
more economical. This would benefit all parties involved in retail transactions, which is attractive 
banks and their clients who demand improved financial services. 
 
 
Figure 3. Ratio and Difference between NDIs in Pairs 
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Figure 4. Ratio and Difference between DCIs in Pairs 
 
At last, we check the mean balance overdraft (MBO) per session per bank under each mechanism. The 
sum of the initial funds of the six banks is 1.65M (1.5M of which is for those three active banks). On 
average, a bank has 275K in its settlement account at the start of the first session. We present the 
mean balance overdraft (MBO) and mean borrowed credits (MBC) in Table 3, which are based on the 
average of the 30 different tests too. Both measures lead to small values in comparison to 275K. 
 Mean Balance Overdraft (MBO) Mean Borrowed Credits (MBC) 
M1 837.18 334.79 
M2 191.93 0.00 
M3 213.83 0.00 
Table 3. Mean Balance Overdraft and Mean Borrowed Credits per Bank per Session 
MBO is below 1,000 units of credit, thus the individual banks’ overdraft levels are well-controlled and 
manageable in practice. As most banks’ overdraft risks are low, the total of overdraft penalties should 
be small as well. As expected, the overdraft level is higher under M1, when average settlement speed is 
fastest. Besides, when banks are able to borrow credits from the intermediary’s central queue (under 
M1), we also trace the loan costs of each bank. The calculated MBC is 334.79 under this scenario, 
which is less than half of the MBO, which would be manageable.   
Based on our experimental results, we can offer a few practical insights. First, it is apparent that M2 
outperforms M3 in terms of speeding up settlement at lower overdraft cost. It implies that central-
queue netting is an essential design component in achieving faster settlement of payments. Second, 
compared with M2 and M3, M1 achieves the lowest deferment at the expense of slightly higher cost of 
funds. This is the inherent tradeoff between the speed of settlement and cost of funds. If speeding up 
settlement is a key design consideration, the mechanism designer needs to incentive the intermediary 
and banks to provide liquidity as needed to the system. The intermediary may charge an appropriate 
fee for its liquidity provision as a reward to its contribution to the network. 
Conclusions 
The evolution of payment settlement systems has been driven by economic advancement, changing 
consumer expectations and the development of new standards and financial technologies. Faster retail 
transactions are critical for sustainable economic advance and rapid expansion of new (e-) businesses 
and technologies. Smooth settlement of funds transfer requests among banks and other financial 
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institutions is so important for constructing a stable financial network. Speeding up cash flow would 
enable banks and their (corporate) clients better reallocate resources (i.e. funds) and plan ahead of 
time, contributing to better logistics and operational management. However, under a RTGS 
mechanism, this creates issues such as imbalance of cash inflows/outflows and periodic bank liquidity 
shortfalls. To balance speed and risk, we propose an innovative hybrid payments settlement 
mechanism, which aims to reduce the liquidity risk and high costs of funds. Our mechanism design 
combines real-time settlement, DNS optimization with central-queue liquidity provision, as well as an 
internal queue clearing process. As such, this flexible solution could benefit both banks and their 
clients to achieve faster retail transactions under a relatively stable financial network. 
To evaluate the proposed mechanism, we design computer experiments for quantification of the 
economic benefits of faster settlement (such as increased number of settlements and reduced 
deferment time/costs) as well as the costs of funds incurred (MBO and MBC, in addition to the 
individual banks’ initial funds). Comparison with alternative design options (M2, M3) provides 
important insights regarding how the different functions of the mechanism works and how to 
streamline the traditional settlement process. Our results show that, in comparison to RTGS, in which 
case both NDI and DCI are 0, the liquidity demand under the new hybrid mechanism we assume is far 
lower. The network would enjoy lower settlement risk overall and be less concerned about future cash 
flow uncertainties. Under the mechanism M1 we recommend, both NDI (1.08%) and DCI (0.39%) are 
found to be close to 0. Even under the extreme scenario when the initial balance of all banks are set to 
zero, the two indices are still low (NDI: 3.62%. DCI: 1.55%) in relative to the DNS benchmark (NDI = 
DCI = 100%). This results from effective settlement prioritization and (internal and central) queue 
management. On the other hand, in comparison to DNS, instead of deferring all settlements till the 
end of the last session, the new hybrid mechanism is far superior in minimizing deferment. Though 
banks can incur overdraft penalties and interests from loans, these costs are found to be small. 
Overall, the benefits of the hybrid mechanism is overwhelming. 
Amid challenge there are new business opportunities for all network participants. Currently, most 
intermediaries (except central banks which operate large-value payment systems) do not bear 
settlement risk implicated in real-time settlement and end-of-session netting. This could restrict their 
functions in terms of servicing banks and facilitating faster settlement. Our findings in this paper 
suggest that the network performance can be much improved if the intermediary plays a more active 
role under the hybrid payments settlement mechanism, such as to implement a robust DNS 
optimization solution with the liquidity provision function. Adopting such a mechanism may however 
require the intermediary to revise its current settlement policies and upgrade infrastructure to 
support contemporary financial technologies for a faster payment platform. The intermediary (either a 
central bank or third-party platform operator) should also coordinate the efforts among the banks and 
their clients, who need to see direct benefits from faster settlements. Depending on the background 
details of a (national or international) network, financial regulations and implementation, as well as 
the common patterns of retail payments data, the mechanism designers (e.g. intermediaries) can 
implement a variant of the new hybrid mechanism we envisage here. It would be straightforward to 
customize the theoretical framework described by adjusting the treatments or parameter values in 
Table 1. The simulator we develop for this research (and computer experiment) can also be used to 
evaluate real-world data for policy analysis of any settlement mechanism. It helps provide practical 
insights into alternative solutions of faster payments and other emerging financial services. Apart 
from investigating the robustness of this hybrid payments settlement mechanism under different 
networks and market conditions, our future research may include case studies and applications 
adopting the feasible variants of this new mechanism. 
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